Introduction

35
All organisms rely on sensory systems to gather information about their surroundings 
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The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/165027 doi: bioRxiv preprint first posted online Jul. 18, 2017; To address this deficit, we focused on fungi characterized in part by motile, zoosporic life 44 stages. Zoosporic fungi collectively form a clade within the 'early-diverging lineages' of fungi, 45 outside the better known Ascomycota and Basidiomycota. They are largely found in freshwater 46 ecosystems with a global distribution (James et al., 2014) . Zoosporic fungi are typically 47 characterized as saprobes, such as Allomyces, though parasitic life strategies on both plant and 48 animal hosts do exist (Longcore et al., 1999) . Similar to all fungi, colonies of Allomyces use 49 mycelia to absorb nutrients and ultimately grow reproductive structures. Unlike most fungi,
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Allomyces produce zoosporangia, terminations of mycelial branches that make, store, and 51 ultimately release a multitude of single-celled, flagellate zoospores (Olson, 1984) . When the 52 appropriate environmental cues are present, zoospores are produced en masse, eventually 53 bursting from zoosporangia (James et al., 2014) . Once in the water column, the zoospores rely on 54 a single, posterior flagellum to propel themselves away from the parent colony and towards 55 suitable substrates or hosts (Olson, 1984) .
56
During dispersal of the zoosporic life stage, interpretation of environmental cues is 57 critical for the survival and success of the future colony. Zoospores have a finite amount of 58 endogenous energy reserves, and no zoospore is known to metabolize energy from external 59 sources (Suberkropp and Cantino, 1973) . This energetic constraint places significant pressure on 60 the zoospore to efficiently locate a favorable environment for settlement and growth. The 61 evolution and maintenance of a sensory system within the unicellular zoospore allows it to 62 evaluate external conditions, move towards suitable habitats, and avoid hazards (James et al., 63 2014). Previous studies across zoosporic fungi have led to the discovery of a number of sensory 64 modalities that guide zoospore dispersal including chemotaxis, phototaxis, and electrotaxis 65 (Machlis, 1969; Morris et al., 1992; Robertson, 1972) . However, these studies have neither tested 66 a single species for multiple sensory modalities, nor posited the possibility that these single 67 senses may only be a portion of a more complex sensorimotor system guiding zoospores.
68
In the fungus Allomyces, zoospores use chemotaxis or phototaxis to guide dispersal and 69 settlement (Pommerville and Olson, 1987; Robertson, 1972) . Chemotaxis towards the source of 70 amino acid gradients allows zoospores to congregate at the site of an injury or on decaying 71 material in the water column (Machlis, 1969) . Allomyces macrogynus zoospores possess refined 72 chemosensation, settling on substrates at varied rates in response to different amino acids 73 (Machlis, 1969) . Alternatively, the zoospores of Allomyces reticulatus display positive
74
. CC-BY-NC 4.0 International license peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/165027 doi: bioRxiv preprint first posted online Jul. 18, 2017; phototaxis, potentially leading spores to swim towards the air-water interface (Robertson, 1972) .
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Studies to date have not tested for the presence of chemotaxis in A. reticulatus or phototaxis in A. 76 macrogynus. In animals, positive phototaxis and subsequent 'rafting' on floating debris work to 77 considerably increase the dispersal range of planktonic larvae (Epifanio et al., 1989 and rinsed them 5 times with dilute salts solution to remove the growth media from the colonies.
125
We then placed the rinsed colonies and strainer in a pyrex dish with 10 mL of dilute salts 126 solution and allowed them to sporulate for no more than 90 min. Once either sufficient spore 127 density had been reached (5x10 5 spores mL -1 for chemotaxis, 1x10 6 spores mL -1 for phototaxis)
128
or 90 minutes had elapsed, the mesh and colonies were lifted out of the dish (Machlis, 1969) .
129
Because A. reticulatus was only grown on solid media, we took a surface scraping to lift 130 sporangia from the agar and placed it into a pyrex dish with 10 mL dilute salts solution (Saranak 131 and Foster, 1997). If no zoospores were present, we replaced dilute salts solution every 20 132 minutes for the first hour. Sporulation typically occurred within 8 hours, after which the colonies 133 were strained from the dilute salts solution.
135
Phototaxis trials
We conducted phototaxis trials in a custom 1x5x3 cm (WxHxL) plexiglass chamber. We 137 added 10 mL of sporulation product, diluted to 5x10 5 spores mL -1 , to the test chamber and 138 allowed the solution 15 minutes in total darkness to dark adapt and randomize spore distribution.
139
After dark adaption, spores were exposed to a white light (USHIO halogen bulb) through a 5 mm chamber 1 was closest to the light source, while subchamber 4 was the farthest away ( Fig. S1A ).
147
We gently agitated the liquid in each subchamber to homogenize swimming spore distribution 148 and counted spore density in four, 10μl samples from each subchamber using a hemocyometer.
149
A total of 10 control treatments (no light exposure) and 18 experimental treatments were 150 conducted for each species.
152
Chemotaxis trials
153
Chemotaxis trials followed the protocol established by Machlis (1969) (Machlis, 1969) .
154
The amino acids and combinations thereof we tested were Lysine (K), Leucine (L), Proline (P), and bubbles that would affect results (Carlile and Machlis, 1965) .
164
To test for chemotaxis, we added 10 mL of sporulation product (diluted to 5x10 4 spores 165 mL -1 ) to the petri dish and 300 μl of treatment solution into the pipette. As a control, we used 166 300 μl of buffer alone. We allowed the spores to react to the gradient in total darkness for 90
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Results
216
A. reticulatus relies on phototaxis 217
Zoospores of A. reticulatus showed no significant deviation from the control when 218 exposed to any amino acid treatment (P > 0.05 for all treatments) (Fig. 1) . In accordance with 219 existing literature, A. reticulatus showed a significant response to a light gradient (Robertson, 220 1972). The number of zoospores swimming in the subchamber closest to the light source (Fig. 2) 
221
was significantly higher than when no light source was present (P = 0.0005).
223
A. macrogynus relies on chemotaxis
224
As seen in previous experiments, A. macrogynus zoospores displayed a significant 225 response to all amino acid treatments compared to the control (Machlis, 1969) . Proline (P = 226 0.0294), leucine (P=0.0275), lysine (P=0.0294), and any combination of two or three amino 227 acids when compared to a control (P < 0.001) (Fig. 1) . Zoospore response to increasing treatment 228 complexity was non-linear though roughly equal for all unique combinations of equal 229 .
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Discussion
259
Understanding how sensory modalities evolve and integrate with other behavioral circuits 260 remains an open question in neurobiology and evolutionary biology. The Allomyces genus, with 261 new variation in sensory suites discovered in this study, will aid in answering these questions.
262
Previous studies had shown Allomyces spores use either chemotaxis or phototaxis to guide 263 dispersal. Here, we reveal that the sensorimotor system in A. arbusculus is multimodal -able to will yield further insights into the evolution of novel photosensory mechanisms.
293
The lack of chemotaxis in A. reticulatus highlights the variation in Allomyces sensory 294 system evolution. While previous studies uncovered differences in the combinations of amino 295 acids A. arbusculus and A. macrogynus zoospores prefer (Machlis, 1969) , no one tested the 
